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SUMMARY

This report covers work on the structuro of glass, on thormomagnotic
analysis, and on supported palladium catalysts, together with a note on
purple sulfur.

It has been found that the anomalous magnetic moment of ions of nickel,
cobalt, and uranium in silicate glasses, as previously reported, may probably
be interpreted in terms of the relative contributions of these ions as being

* tetrahedrally coordinated integral parts of the net-work, or as octahedrally
coordinated net-work modifiers. This observation appears to open a useful

Sfield of application of magnetic methods in glass chemistry.

Thermomagnetic analysis of the solid state reaction j-Fe2 02 to )-Fe2 N3
has given definite evidence that the activation energy for this ieaction is
not related to particle size. Other variables are being investigated.

Supported palladium metal on high-area alumina has been shown to yield
no enhancement of magnetic susceptibility and thus not to show the dispersion
effect exhibited by many paramagnetic oxides in supported condition.

"Purple" sulfur, made by the method of Rice and Sparrow, by freezing the
vapor from 4500 C onto a finger cooled in liquid nitrogen, has been shown to
be paramagnetic.
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Part 1. The Magiretic Anisotropy of Nickel-Contalm.ing rl1~ass
by Elizabeth Weir Toor

Previous mcaouremants xuad,? in. thi... laboratory of the magnetic suscepti-
bilities of a series of r.ickel-containinug glasses have shown, that nickel has
an unusually high magnetir, moiment; in surh glasses. This could be explained
by either of two possibiiltJ ' ps, that1 theý nickel is in the plus three oxidation
state, or that; the or'bital eomponenrt of the moment, is not quenched to the
samne extent in the glass at3 in most nit.kel salts because of some difference in
the electrical fields surroinding the nickel ion. Possibly the fields are
more symaet-rc in the glasses. If thi.s !3ocpud alternative were actually the
case, it mIght be posasible to detect; Paramnagnetic anisotropy In the glasses
unmder certain condition-s. If a field surraundirng a nickel ion could be made
less sym'etri~c, the susceptibility would vary with direction. Therefore pieces
of a nickel-containi,7.g gl.ass were drawn out in a flame as rapidly as possible
and cooled quickly. The anisotropies (if small sections of the resulting rods
were meao-arg~d. The effi'ect of amieaJin-g on the an~isotropy was Also studied and
the suaceptibil.5ty of oine sample was m,.1aevired at, different, finld strengths to
determine whethor or not it, was ferrowagnt ic-.

Procedwre-

(a) Ma~~p~ or Aiaro _euements: *- The nickal- containing glass
ased was oneyo a ýsýrlte ~supplied. by Dr. W. WeyJ., of Pennsylvania State College
and was dsna~d~s M-6. Jts scpiifyand moment had been measured
previously. Th-d.ý) glo~,, cnt-a-lned 15.%nickel by weight and the composition
corresponded to 'N±'.t.Nr!,. 4S!iO2. '\limp of this glass was held over an oxygen-
methane flamej,, alnd aS ~mir ± 111M-11 malted they were drawn oirt into threads
very rapidly with a quartz. roA'. Sections of these threads, a few millimeters
long, were then broken off &nr-l use~d in magnetic anisotropy measurements.

Similar samxples weri! mal.]e of a glass designated as M-2, which contained
magnesium instqal3 of nioksl, and had the ccaposition M90-Na 20-4siO2. To make
these samples it was necessary to powder the glass and melt it in a platinum
crucible. then to draw out threads with a quartz rod.

(b) Measai-Hmo~-t of anei iotp:* The cylindrical glass-shaped rods
were attached ti~ a glass *t-od at the end, of' a quartz. Luspension. so that, the long
dimension of the~ siiplr~ wvaý.~~dtua to the quarti; su-spenslon. The anisotropy
of the eampl :, tlh.e j'fehr,ýnc~ beitween the susceptibilit~i(s parallel and perpendicu-
lar to the lozg axis of toho sample., was theni meaoured by. the Krisbnan swing
method.* When the gtaisrj rods or t'ibres were too fine to be Measured 11ingly, several
of about the,; Ramr. radiu.8 verF, tied together into bundlee with pieces of hair and
the bundle wae then nsei in the samn way, as a single rod-shapted sample. All

samlesweG wlghd nd 'h dlmc-tos wremeasured with a micrometer., excepting
for those which were used as bundles. -Fo'r a number of tho? samples., the anisotropy
was measured se-.vral.tme at- intar~ralti of a ffew days.

(c) Anne~alij of Sampofi -- Seve7,al. ctif the swykpies were arnnealOd. after thelir
anisotro,)-i.,m1- ,n esue A vamr-le, in a platinmu cruciblel, was placed
in a mmfi!.P't f'rr.ace which had prvosybeein heated -to the desi8red tomperature.



The sample was then kept at that t,•,mperature for oewvral hours. The furnace
was then cooled to room temperature at a rate of abon,% .56°C. per hour. The
anisotropy of the sample was then re-measured. The amnealing process was
repeat*d ýt rngressively higher temperatures, up to about 700°C.

(d) Detection of Ferromapa•tim: - To determine whether or not the samples
were ferromagnetic. the susceptibility of one rod was measured over a range of
field strengths with a Faraday balance. In this balance, a small glass bucket
hangs from the end of a long glass rod which in turn is attached to a quartz
spiral. The bucket hangs vertically between the pole-pleces of a magnet and
the apparatu3 can be adjusted so that the bucket hangs in a region of constant
dH/dx. The height of a mark on the long glass rod is measured with the field
off Fnd on. by *neavnn a tplescope with a vernier. By comriring the change
in height found for an lmiknown aample to that found for a material the usacepti-
bility of which is known, the susceptibility of the unknown sample can be
calculated, providing the weights of both materials are known. If the substance
is ferromagnetic, the susceptibility at one temperature will vary with the
field strength.

The susceptlbility of the einmpty bucket was measured over a range of field
strengths, at room temperature and in a bath of dry ice and acetone. The
susceptibility of the bucket containing a weighed amoant of sucrose, the
susceptibility of which had previously been measured, was determined over the
same range of field strengths at room temperature. The glass sample, M-6 #10,
was then inserted upright into the sugar in the bucket, and. the susceptibility
again measured at room temperature and at -85 0 C.

Results:

In Table I are listed the weights, radii, and anisotropies, A , of all
samples of the glasses M-6 and M-l. Table II shows the change in anisotropy
with time and with annealing for five samples of the nickel glass M-6. The
period between the drawing of the glass into a fibre and the measurement of the
anisotropy !i given in days. The temperature given is the temperature at which
the furnace was held, and the time during which the sample was held at this
temperature is given in hours.

All M-6 samples were paramagnetic, and the long axis lay parallel to the.
field, generally, although it was sometimes inclined at a slight angle. The
M-2 samples appeared to be diamagnetic, and took up an equilibrium position
which varied from one sample to another.

Above 7000C., all samples turned greenish, though the color faded rapidly
when the samples had been removed from the furnace. The thinner samples, #11
and #3, became bent and had apparently softened at the high temperature.

At room temperature,± for M-6, A, /gm. was 89.0x0-6 and for M-2
was -0.28X10- per gram of glass.

In Graph #1 the anisotropy initially found for each sample is plotted versus
the radia s of' the sample for all samples of M-6.

____ ____ ____ _ __ ____ ____
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In Table III the results of measurements with the Faraday balance are
given. The average changes in height, field off and field on, of the marker
on the glass rod are listed for the empty bucket, A, , the bucket containing
sugar, 4-, and the bucket containing sugar plus the sample M.A6 #10, L3
These average changes in height are given a+, tWo temperatures and different
field strengths, or rather at different currents. The relationship between
current and field strength is known approximately. For each value of the
current, at least four measurements were made to determine the average value of
The units of A are arbitrary and the changes were in the same direction for
all measurements, i.e., the bucket moved out of the field when the current was
turned on.

",,The weight of the bucket was 0.0351 gm.
The weight of the sugar was 0.0381 gm.
The weight of M-6 #10 was 0.00061 gm.

Table I. Variation of Anisotropy of Glasses with Sample Radiis

Sample Weight (Mg.) Radius (mm.) /./gm. x10 6

x-6 #1 16.1o 0.58 1.50
M-6 #2 3.67 0.34 0.33
m-6 #3 1.21 0.21 0.80
M-6 #4 9.61 0.44 0.33
m-6 #5 3.08 0.31 0.21
m-6 #6 3.55 0.27 0.48
m-6 #7 8.92 o.46 0.28
m-6 #8 3.08 0.29 0.43
m-6 #9 5.83 0.31 0 27
M-6 #0.61 0.16 24.6
m-6 #11 7.67 0.47 1.87
m-6 #12 1.11 o.16 0.53
m-6 #13 0.84 0.15 1.58
m-6 #i1 1.19 0.09 4.34
m-6 #15 0.90 0.09 4.72
m-6 #16 0.77 0.09 2.41
M-6 #17 1.61 0.08 8.78
M-6 #18 0.78 3.01
M-2 #1 8.94 0.34 0.012 per g. sample
M-2 #2 3.62 0.24 0.012
M-2 #3 3.45 0.21 0.011
M-2 #4 2.48 0.27 0.013

Table II. Variation of Anisotropy with Time and with Annealing

Sample Time (days) Annealing Temp.OC. Annealing km .x10 6

Time (hra.)

m-6 #2 1 0.08
3 :1. .C7

27 1.56
30 1.6,
50 1.86
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Table II. (continued)

Sauple Time (days) Anneallig Temp.°C. Annealing -Y/gm.xio6

Time (hrs.)

55 193 16 1.86
243 0.08

58 238 3 1.6759 293 5 0o35
63 366 16 1.76
66 504 16 1.74
71 595 5 1.o0
76 660 22 0.1980 722 20 0.00

m-6 #2 1 o.64
3 0.47

27 0.39
5p2 0.4156 2143 5 0.35
62 293 5 0.40
66 .504 16 0.08
70 595 5 0.13
I( 660 22 0.03

m-6 #3 2 1.15
P8 o.86
5?24- 0,0562 243 5 0.04

66 50. 16 0,0370 595 5 0.21

M-6 #10 6 24.6
2 2.. 17.127 15.5

29 1309
-kO 266 25.743 377 17 25.0
49 432 19 29.454 544 3 17.9
63. 541t 22 27.4
6M. 643 18 16.6
70 71.5 4 9.6

M-6 #11 6 1.86
2.1936 1.554%o 266 7 2.55

4?, 377 17 2.59
49 4K32 19 2.23"":544 3 1.64
61 544 22 1.78

643 18 1.23.
71 715 1, 1.33
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Table III. Measurement of Susceptibillt with the Faraday Balance

Temperature Cuxrent Average Change in Height of Marker
(aps.) A, A-. A,

3009K. 10 0..329 0.851 0.566
8 0.265 o.662 0.503
6 0.150 0.559 0.397
4 0.091 0.317 0.231
2 0.024 0.093

1840K. 10 0.252 0.474
8 0.153 0.331
6 0.099 u.256
4 0.059 0.150
2 0.034 0.028

In Table IV arm shown the values obtained for 4-A,, the change in
height due to the sugar alone, and &•-4, the change due to the nickel glaass,
as well as the ratio t4,-/, )/(4-%,). From this the susceptib4 .lity of the
nickel in the glass is calculated by the following equation:

/gm .i~ 10 .sugar/gm. Aglass . weight of sugar
-•-. /A sugar weight of glass

Table IV also includes these calculated susceptibilities, the current and
the corresponding values of 1/H. In Graph #2 the susceptibilities are
plotted versus 1/H.

Table IV. Calculation of Susceptibilities with FaradaM Balance

Temp. 02,4) (43-A4) (/-,)la/"m) , I amps. l/H )(0o3

3000 K. 0.52 -0.29 -0.56 126.4 10 0.100
0.40 -0.o.6 -0.40 91 8 0.105
o.41 -o.16 -0.39 88 6 0.121
0.23 -0.09 -0.39 89 4 0.159

184.0K. 0.60 -0.38 -0.63 144 10 0.100
0.46 -0.28 -0.61 138 8 0.105
o.46 -0.30 -0.65 148 6 0.121
0.27 -0.17 -0.64 145 4 0.159
0.06 -0.07 -1.17 264 2 0.303

I!
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Discussion of Results:

The problem is two-fold; first, the reason for the anomalous magnetic
moments of nickel and cobalt in glasses-is to be found, and second,.the
anisotropy of drawn nickel glass must be explained. The abnormally high
moment of nickel and the corresponding low moment of cobalt will be considered
first.

Since drawn nickel glass showed magnetic anisotropy, it appears that the
unusual moment of nickel is caused by abnormal quenching effects, rather than
by a high oxidation state. The low moment of cobalt should also arise from
the same quenching effects. In Table V, the calculated and experimental
moments of cobalt, nickel, and copper ions are compared, in solid salts, in
solution, and in glass. Copper, as well as cobalt, has a lower moment in
glass than in solid salts or in solutions.

Table V. Magnetic Moments of Cobalt, Nickel and Copper
(in Bohr magnetons)

calculated i experimental
Spin only Spin plus orbital In solution In solid In glasa(2)

(1) salts(l)

Co 3.87 5.20 4.4 - 5. 2  4.4-5.2 4.5-4.7
Ni 2.83 4.47 3.2 3.2-3.4 3.5-3.6
Cu 1.73 3.00 1.8-2.0 1.8-2.0 1.5-1.8

The nickel, cobalt, and copper ions must occupy equivalent positions in th 9 _
three series of glasses, like a series of isomorphous salts. According to Wey,1'•)
cobalt and nickel ions, because of their size and charge, would be expected to
occupy "net-work modifying" (N.W.M.) or interstitial positions, in which the
nickel or cobalt ion has a coordination number of six, i.e., the transition ions
are in positions of octahedral symmetry. However, it is also possible for these
ions to occupy "net-work forming" (N.W.F.) positions, as CoO4 or Ni0 4 complexes,
these complexes being part of the actual silica network. In this. case, the
transition ions are in positions of tetrahedral symmetry. These considerations
should apply to copper as well as to nickel and to cobalt. Weyl says that the
proportion of N1O4 or Co04 groups may be very small, but that these groups possess
very intensive light absorption, Ni0 4 causing the purple coloration in some
nickel glasses.

Only ions, atoms, or molecules having a resultant orbital or spin moment are
paramagnetic, since the paramagnaetic moment arises from the tendency of the
external field to orientate the ions so that their magnetic axes are parallel to
the direction of the field. Such alignment is opposed by thermal motion of the
ions, by interaction between neighboring paramagnetic ions, and by the "quenching"
of the moment by an: imposed electric field such as the internal field of a crystal.
In the glasses, the nickel and cobalt ions are sufficiently magnetically dilute
that only the first and third factors can affect the moments. The possible effects
of a cr.7stalline field will nov. be considered.



In a free ion of quam.tum number J, there will be 2jtl states of equal energy,
which split in a magnetic field into 2jtl states of different energies. The
distribution of the ions in these varying energy levels gives a resultant magnetic
moment along the field. The effect of a local field, such as a crystalline field,
is to remove the degeneracy of the free ion by Stark splitting of the 2jtl states.
Thus the response of an ion in a crystal to a magnetic field must be less than
that of a fre, ion, and the paramagnetic moment is decreased. If the degeneracy
were ccapletely removed by the crystalline field, the ions would cease to be
parasagnetic. In general however, the spin moment is left free, and the orbital
moment is partially or fully quenched by the crystalline field, or by local fields
in a solution. Therefore many ions in solid salts or in solutions have moments
corresponding to the "spin only" value, or between the "spin only" and the "spin
plus orbital" moments. Nickel salts, in general, have stronger internal fields
than cobalt salts, since the orbital moment of nickel salts is more nearly quenched.
However this behaviour appears to be reversed in glasses.

Bethe(4) has calculated the splitting of energy levels which will occur in
internal fields of different symetry. The symmetry of the field surrounding a
given atom is not necessarily that of the crystal itself. Instead, the field
seems to have the symmetry character of the position of the atom or ion. For
example, the NiS04.6Ho0(8J crystal is tetragonal, but six water molecules surround
each nickel ion octahedrally, producing a nearly cubic field about the nickel ion.
Similarly, it is possible that in solution the field acting upon a paramagnetic
ion has the symmetry of the coordination group, again six water molecules for the
nickel ion. Thus the magnetic moments in the solid salt and in solution will
be similar. Probably the lack of a definite crystalline structure in a glass
does not affect the moments of paramagnetic ions in the glass. Only the symmetry
of the neighboring ions will influence the magnetic moment. Thus it is necessary
to determine the effect of both octahedral and tetrahedral sy etry upon the
moments of the cobalt and nickel ions. Penney and Schlappa( shave made detailed
calculations of the effects of various fields upon magn 4c susceptibilities,
with special reference to nickel and cobalt. Van Vleck\0  has summarized their
results4 some of which are given below.

The potertial energy, ¶, caused by the surrounding ionic field, at a given
ion, may be eo*ressed as a power series of the coordinates y'ti. %, of the
surrounding ions with the given ion as the origin of coordinate a:

(Y) ..... +C Y%?ý*t'3a? -1
All uneven terms drop out when there is a two-fold symmetry axis in the z-direction.
For cubic symmetry, yi 2 

s12i - 3 i 2 and

K ~~~~(2) ..... rrn*q + ''

If the cubic field is dominant, then the F terms split up into three terms,
r, . and r-C , as in Figure 1. If a weak rhombic field is superimposed, there

will be further splitting, as shown in Figure 1.

free Ian cubic field weak rhombic field

Figure 1.o Sp•itting of F terms in cubic and rhombic fields.

' ... JIJ w -
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In a purely cubic field)qandrwould be triply degenerate, but in a weak
rhombic field the degeneracy is removed, and the orbital momept is at least
partially quenched. Ni+t is in a 3F4 state and Co"t is in a F9/2 state.
Therefore, the splitting of the F-terms determines the values of their moments.
For Nit+ salts, the singlet level, l, has been found to lie below all others, as
in Figure 1. This symmetry of the field is roughly that expected for a Ni÷€ ion
in a position of octahedral symmetry, as in certain salts, in solution, or in
N.W.M. positions in a glass. The dominant cubic field is caused by the imediately
surrounding ions or atoms, and the weak rhombic field(ý less symmetrically placed
more distant neighbors. On the other hand, Van Vleck(6 shows that for the same
signs .of A,B, and D, in Equation (1), the pattern for cobalt will be inverted
relative to that for nickel, i.e., it will be Figure 1 upside down. A low
singlet level indicates a small anisotropy and conformity to Curie's law down
to low temperatures, as is found for nickel salts. A low triplet level corres-
ponds to a larger anisotropy, deviations from Curie's law, and less quenching
of orbital moment, which describes the normal behaviour of cobalt ions in
positions of octahedral symmetry, as in. the hydrated sulfates.

However, for a field of four negative charges tetrahedrally surrounding
the paramagnetic ion, the sign of D is reversed, and the Stark pattern is
therefore inverted. This means that the behaviour of Coe and of Nit" will be
reversed, and that nickel will have a moment quenched less than that of cobalt,
when in a position of tetrahedral symmetry. These theoretical predictions have
been confirmed in the case of cobalt by Krishnan and Mookherji, (7) who measured
the anisotropy of single crystals of Csa'joCliJ and Cs2 1COlj Cl, in which the
four chlorine atoms surround the cobalt ions tetrahedrally. The anisotropy of
both salts was found to be very small, like that of nickel salts.

Thus the behaviour of cobalt and nickel in glasses can be explained quite
satisfactorily by the assumption that the paramagnetic ions are distributed in
both octahedral and tetrahedral positions. Even if only a small percentage of
the ions are in tetrahedral positions, the moment of cobalt will be lover than
normal and that of nickel will be higher. It might be possible to predict the
number of ions in tetrahedral positions, at least for cobalt glasses, by
comparing the moment of the cobalt In the glass to that of a normal cobalt
salt such as CoSS04.7 H2 0, and to that for Cs2LCoCI&j.

The same sort of reversal of magnetic properties might be expected for
other pairs of transition elements when the paramagnetic ions are in tetrahedral
positi g•. Cu" (2 D5/ 2 ) and Fe +(5fD4) are one such pair. Acocrding to Van
Vleck, I' the effects for this pair will be much more complicated than for cobalt
and nici~el, since iron and copper are less closely related and would not be
expected to have almost identical crystalline fields. It is possible that this
effect accounts for the low moment of copper in glass.

The second problem is to explain the anisotropy of drawn nickel glass.
Nickel salts in which the nickel ions have positions of octahedral symmetry
have an anisotropy which is about three per cent of the average susceptibility,
while isomorphous cobalt salts have anisotropies which are about twenty per cent
of the average susceptibility. Therefore nickel ions in octahedral positions
in glass will have a very small anisotropy, while those in tetrahedral positions
will have a mach larger anisotropy. In the unstrained glass network, both the
tetrahedral and octahedral positions of the nickel atoms are oriented randomly
so that the glass has no resultant anisotropy.
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To obtain the anisotropic glass rods, ths glass was heated sad rapidly
drawn out, being allowed to cool rapidly to room temperature. This procedure
must distort the original structure of the glass. It is probable that the
octahedral holes are drawn out along the direction of pulling of the glass
fibre. This would have the overall effect of changing some of the octahedral
holes into positions of tetragomal symmetry, with one axis elongated along
the direction of drawing. If this elongation is not too large, the conditions
would still correspond to a predominantly cubic field with a weak rhmbio
field superimposed, which would leave the nickel ion with a small anisotropy,
not much different from that of the ion in the strictly octahedral position.
But here all the imposed local fields will be oriented inmearly the same
directiqo., and as a result, the glass will show anisotropy, of the same
order as that of NiSO4 .6 H2 0. On the other hand, if the elongation of the
cubic axis parallel to the direction of drawing is large, it is possible that
the symmetry of the octahedral holes might change to something approaching
tetrahedral symmetry, but this is rather unlikely.

It is more difficult to conceive of a way in whick the tetrahedrally
coordinated nickel ions in N.W.F. positions could be oriented in the drawn
glass so that there could be a large resultant anisotropy. Probably such an
orientation would lead to a distortion of the tetrahedral symmetry, possibly
to a degree which could cause the crystalline fields to become so unsymmetric
as to remove all degeneracy in the energy levels, causing the moment to drop
to vie spin-only value for those particular ions. Thus it is difficult to
account for any large anisotropy which arises in a drawn glass. However,
according to Weyl, (3) more nickel ions will be present as tetrahedrally
coordinated ions when the glass is raised to a high temperature, and also in
the unannealed glass. If there is any orientation of these tetrahedrally
coordinated nickel ions in the glass network, there could be quite a substantial
anisotropy.

For most of the samples of the nickel-containing glass M-6, the measured
anisotropy was small. Only two samples had an anisotropy larger than about
five per cent of the average susceptibility. These two exceptions, x-6 #10
and M-6 #1',T have anisotropies which are about 25% and 10%, respectively, of
the average susceptibility. An anisotropy of from 2% to 5% would be expected
for octahedrally coordinated nickel ions, if all such ions were oriented in
the same way in the glass. For oriented tetrahedrally coordinated nickel ions,
an anisotropy of 20% to 30% would be expected, comparable to those found for
octahedrally coordinated cobalt salts. For most of the samples the anisotropy
is less than one per cent of the average susceptibility of 89 c.g.s. e.m. units
per gram at room temperature. The anisotropy increases as the radius of the
samples decreases. If the amount of distortion in the glass increases as the
radius of the sample is decreased, then the anisotropy increases as the amount
of distortion increases. As shown in Graph 1, the anisotropy tends to increase
to above 5% of the average susceptibility for samples of very small radius.
Therefore the anisotropy must be partly caused by tetrahedrally coordinated
nickel ions, as well as by the octahedrally coordinated ions, and some at least
of the tetrahedrally coordinated ions must be non-randomly oriented. Sample
M-6 #10 does not fit the curve of Graph I, and its anisotropy is extremely
high, e',ual to that which would correspond to all the nickel ions, being tetra-
hedrall, coordinated and similarly oriented. The reason for this behaviour is
unknown. The susceptibility of the sample is normal, after anunaling, so that
an impurity does not seem to be the cause.
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Annealing should decrease strain, and Incrtase thE randomo.ess of orientation,
thus decreasing the anisotropy of the glass samples, a.-4 was found experimentally.
Since conditions were not the same for the arnealing of all samples, it is not
surprising that the results are rather erratic.

From the measurements vit~h the Faraday balance,, it can be concluded that
M-6 #1O was not ferromagnetic, at least after annealing, since its susceptibility
agrees, at both temperatures, with that found previously for the glass M-6.
Since this sample showed the largest anisotropy, it is unlikely that any of the
other samples were anisotropic because of the formation of ferromagnetic substances.

No further measurements have been made on the uranium glais, previously
reported from thts Taboratory as shoving zero magnetic moment, although optical
evidence suggests that the uranium iis In thet4 oxidation stater. There is,
however, one electronic state for LJ which yields zero moment. In view of
the proposed explanation given above for the anomalous moments of nickel and
cobalt in glass, it seems not impoessble that t 4 uranium may assume a diamagnetic
state under similar conditions.

Summary:

It has been suggested that the abnormally high moment of nickel and the
abnormally low moment of cobalt in glass are due to the presence of the para-
magnetic ions in positions of tetrahedral symmetry. Local fields of tetrahedral
symmetry will give nickel magnetic properties like those of cobalt in fields of
octahedral symmetry.. and will give cobalt magnetic properties, like those of
nickel. This inversion of magnetic properties could occur with other pairs of
transition elements in glasses. Therefore the use of magnetic measurements to
determine the oxidation states of paramagm-tic ions iv. glasses may be complicated
by the fact that thb paramagnetic ion has . ,hannged moment in the glass.

Suggestions for further work:

It would be interesting to make similar measurements upon a cobalt glass.
If the anisotropy found were much larger than for nickel glasses, in samples of
the same radius, the anisotropy would be caused by paramagnetic ions in octahedral
positions; if it were smaller, the anisotropy vould be caused by paramagnetic
ions in tetrahedral positions. Coiparison with a salt in which nickel is
tetrahedrally coordinated would also be revealing as wells It would be advisable
to control the conditions of drawing and of annealing much more closely than in
the present work, if further measurements are made upon glasses.



-13-

References:

(1) Stoner, "Magnetism", Methuen's Monographs on Physical SiubJects,
Methuen and Co. Ltd., London (1948), p. 55.

(2) Selvood, "Applications of Magnetic Susceptibilities to the

Structure of Glass", unpublished report.

(3) Weyl, Journal of Applied Physics, 17, 628 (1946)

(4) Bethe, Annalen der Physik, 3, 133 (1929).

(5) Penmey and Schlapp, Phys. Rev., 1•4., 191 (1932); 2, 666 (1932).

(6) Van Vleck, Phys. Rev., L1, 208 (1932).

(7) Krishnan and Mookherji, Phys. Rev., 51, 528 (1937).

(8) Beavers and Lipson, Z. Erist. ", 123 (1932)

----------------------------- I



1,4.

Part. II. The React Lon 'Fepe0. 3 .- 1-e 2Fo 3 (Sttim Tie-port)

By Frank E. De Boor

(a) The object of this renearch ta the investigation of the solid phase trans-
formation of (- Fe2 O. tAo-Fe 2 0 3. In the course of this research the effect which
surface area, lengtA of time of preliminary heating, the presence and type of
foreign ions,, and the method of preparation have upon the activation energy of
the reactiori will be studied. The properties which allow measurement of the
aaounts of the two phases present, and thus of the kinetics of the reaction,
are, the(Tphase is ferromagnetic while the o phase is non-ferromaguetic (at
least its ferromagnetism Is very slight) and the x-radiograms of the phases
differ, theo-oxide Is a spinel whereas the k has the corundum structure.

The apparatus which has been used for the measurement of the kinetics of
this reaction is that built by R.F.S. Robertson and described by Robertson and
Selwood, The Review of Scientific Instruments, Val. 22, No. 3, 146-152. If the
magnetization of a sample is too low at the transition temperature, the measure-
ments will be made by following the rise or fall of an x-ray diffraction peak
using a Philips -North American X-ray diffraction apparat~ua with a high tempera-
ture furnace attached. Surface areas were reasured wv.Uh a B.EoT. type instrument.

(b) Preparation and Analysis: -- A-series: 31.5 g. Fe2 (SO 4 )1 and 22.0 g.
FeSOI.7H20 were suspended in water and thmn poured into a boiling solution of
NaOH (this addition was not quantitative.) The precipitate was washed by decan-
tation several times with cold water until neutral to litmus. It was partly
dried by placing over CaC12; this method was quiteA unsatisfactory. The sample
was divided into two part8; nothing further of arv significance was done with the
first part, A-1. A-2 was heated in the oven for several days at 1100, crushed
with an agate mortar and pestle, and heated in an atmosphere of oxygen at 2250
for ninety hours. The X-radiogram corresponded closo'ly to that forý-Fe20 3 given
in the ASTM card catalogue. The percentage of Iron ta the sample was found by
the permanganate method to be 66.2%. The sample was t:hen dried over P2 09 in vacuo
for two days; re-analysis showed the sample contalned 69.7% iron (theorezical is
69.94%.)

B-i: e • as prepared from tetrapyridino-ferrouo chloride by the method
of IoanicSynthesis, Vol. I, pp. 184-186. The X-radiogram corresponded to
that for6-Fe2 03 but the peaks were very small. The sample was analyzed by the
permanganate method: results showed 66.2% iron. It was dried over P2 05 in
vacuo for two days; re-analysis showed the bample contained 69.75% iron

A-26: This sample was prepared in a manner identical to that used in the
preparation of A-2 except that it was dried in the oven at 11.0 fo- twelve hours
and was oxidized under oxygen at 2300 for only 3.5 hours. It was analyzed with
0.04 N Ce(S0 4 ) 2 by L. Moore and was found to contain 70.7 -± 0.7% Fe with about
1% of the iron being in the plus two oxidation state.

C-series: About 400 ml. of a concentrated solution contaltning equal amounts
(by weight) cX. :Fep(SOj).. and FeS0k4 .6NH1 were added to water solutions which
contained. varying amoujits of NaO.H (sseeTable 1.)
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Table 1

Sample Amount of NaOH per liter H2 0

C-I 311 g.
C-2 30
C-3 27

C-5 21
c-6 16
C-7 12
c-8 9
C-9 5
C-lO 2

All the precipitates were black except C-10 which was green (the specific
magnetization of C-10 was also very low.) The samples were washed until
neutral to litmus, plus a few times more, dried at 1100, crushed. and oxidized
in air at 2500. The samples were analyzed As follows: the samples were
weighed into porcelain crucibloo which had been ignited, dlled &"t 1100 over-
night, weighed again, heated at 9500 for an hour, weighed, and then the
analysis for iron was done by the permanganate method. Table 2 shows the
results of this analysis.

Table 2

Sample Lose of weight by drying Loss of weight by percent Fe
in mg. per g. of sample ignition in mg. in ignited
put into crucible per g. dry sample sample

C-1 11.0 14.1 69.610.2
C-2 5.8 12.8 69.3
C-3 10.4 12.5 69.5
C4 7.7 11.9 69.5
C-7 14.4 15.4 69.6
C-8 8.3 16.4 69.5

D-series: This series was made in order to make sure that there was no sodium
in the samples. 50 go Fe(NHh) (sO ) .6120 in about oue-half liter boiling
water was added to 61.5 g. Fe(•E4)(SS4) 2 in the same amount of boiling water
(the solution turned brown but no precipitate could be noticed.) This mixture
was poured Into two liters of dilute axmonium hydroxide. The resulting jet
black precipitate was washed by decantation six times with four liters of water
each timeR filtered, dried at 1100 for several hours, crushed to pass a 150
mesh screen, and oxidized at 2300 for varying lengths of time as shown in Table 3.
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Table 3

Sample Time of oxidation

D-l 1.5 hours
D-2 2.75
D-3 5.25
D-4 16.5
D-5 22.75
D-6 48.0

Sample D-5 was in addition heated at 3000 for 24 hours.

Analysis was carried out in a manner similar to that used for series C and
the results are listed in Table 4.

Table 4

Sample Loss of weight by Lous of veighL Loss of weight Per cent Fe
drying, in mg. per by heating to by heating to in ignited
g. of sample put 4800, in mg. per 9500, in mg. sample
in the crucible g. dried sample per g. of dried

sample

D-i 10.4 13.6 68.8
D-4 7.9 9.4 3.117 68.6
D-5 a4.6 8.8 19 .6 68.6
n-6 16,3 10.0 13.3 69.4

One of the spaces in the D-I row is vacant because the crucible broke. The
samples would not completely dissolve in concentrated HC1 so that the iron
determinations are low. (The samples can still be analyzed by the potassium
carbonate fusion method if necessary.)

E-series:

1 and 2: 70 g. Fe SO .7H2 0 (reagent grade) was added to 1100 ml. H20,
heated almost to boiling, 88 ml. conc. NH3 solution and a few grams of NaWH
were added, the resulting precipitate was dark green; the mixture was atirrd
continuously throughout the preparation. 12.3 g. NaNO in a little water was
added dropwise to the hot solution whereupon -he precipitate turned jet black
after boiling for an hour. The mixture was separated into two parts, both
were filtered; the first part, E-1, was not washed, the other, E-2, was washed
once by decantation.

3 and 4: Made by the same method as above except that 110 g. FeSO '71H2 0,
10.4 g. NaNO3 , and no Na0ll were used. E-3 was not washed; E-4 was washed by
decantation once.
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5: This was made by the same method as F, < e.-3 • au , lt lie precipitate was;
washed by decantation eight times.

All the samples were dried in the oven at 1000, heated at about 7500 in vacuo,
and crushed to pass a 150 mesh screen. These samples were then analyzed therno-
magnetically in vacuo. In each case the magnettzatl ton decreased to about 3/4 its
original value after one heating and cooling cycle (thi matmum temperature of a
cycle was between 6000 and 6.5009 the time that a sample_ was above 6000 in no case
was longer than tventy minutes.) On the second cyclm cnrveH of samples I and 2
were reversible, thoe for samples 3 and 4 were .irrmversible; only one cycle was
made for sample 5. The cooling curves of the irreversible cycles are a little
lover than the heating curves (graph is magnetization versus t.emperature.) The
Curie temperatures for samples 1, 29 and 5 are 57f5o; the Curie temperature of
A-3 decreases progressively from 5720 to 568k to .6•. the C'rie temperature of
z-4 was 5640 on the first cycle and .5600 on the secoýnd cycle. All the samples
were then heated In air at 2300 for 24 hours; thermomagnetic runs in vacuo showed
that E-5 had about one-Mnr.tbh its ferromagnetiam left, even though the temperature
had risen well, above 600o; E-1 under similar condiltions bad about one-sixth its
ferromagnetism left. The samples were next heated at 2500 for six hours; a
vacuum thermomagnetic rum on E-5 showed that it still had about one-ninth its
ferromagnetism left at the end of the rvn. The sampl.es were heated at 2750 for
seven hours; a vacuum thermomagnetic run showsi thja.t Eo5 had about one-twelfth
its ferromagnetism left at the end of the run, the temperatents had risen above
7000 during the run. The sample tube was opened and a thermomagnetic run made;
the magnetizatior. decreased to zero and did not irn-rtase at all on cooling to
room temperature. The samples were heated to 300c for 2,3 hours; vacuum thermo-
magnetic analysis agair showed the sample had oie<4'weS.fth Its ferromagnetism
left after cooling.

Chemical. analysis of series E 1.s shown it Table 5

Table 5

Sample Percent iron

F-1 68.8
E-2 69.2
A-, 69.45

4- 4 69.5
F -69.9

The samples will be aual'yzed for sod-tuam by the f.ollo:b.g method. (Specific
directions are those of Mr. Cohn of the U.S. Bureau of Mines.) The oxide, after
having been ignited at 9000, is dissolved in 20 ml. 8 N HC1 over a steam bath.
When completely dissolved, vater or C01 Is added to bring the solution to 6.7 N
with respect to fCI. The ferric chloride is extravt;ed from the solution by using
three portioni of ethyl ether, in each extract.ion. onHe ses one and one-half the
volume of t aW9 ater jitlnct. of ethyl ether. The wa:i;er solutIon in evaporated
over a low tamŽerats'• hontplatB and .- after evaporation of ithe dwall amount of
ether -- u,ijer an. '•rnd limp. The residae :!.s ta.ken. .ip with .I. measured amount
of water and photomete'red.
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The kinetics of most of the samples have been rxo. Uhtil quite recently
it was uncertain as to how to determine a meaningful activation energy. The
theory of the method to be used will be found in the appendix.. The crux of
this method is 'that one determines the time that it tekes for the reaction to
reach a given value of the specific magnetization at various temperatures, and
plots the logarithm of the time versus the reciprocal temperature. Then the
activation -nergy is equal 'to the slope (if I/T is plotted on the abcissa)
multiplied by 2.303R, where R is the gas constant. This method has been used
to find the activation energies of 'the D-series and will be applied to the
other samples as soon as possible. The results for the D-series will be
found in Table 6 and in graph 5. Graphs 1 'to 4 are the plots from which the
D-series activation energies were found.

Table 6

Sample Activation Energy Specific Magaetization Specific
at room temperature Surface Area

D.-1 58.7 kcal. 0.507 spaces/mg. 57.8 m2 /g.
S51.5 0.493
D-5 35-1 oi46o 58.7

531.6 o.486 53.1

This table shows rather well that there Is nx-o reation between the surface area
(or particle size) and activation eanergy.. although there might be near the
extremes; the graph shows almost a straight lDin. relationship between activa-
tion energy aoA specific ragiatetization. The speclf o magnetization of these
sodium-free samples decreased as the time of pr&1imA.-ary heating increased; this
is probably not due to ftrmation of 'the A oxide, -,,o the Jacating was done
at much lover temperat'ares than those at which the 'V wtics were measureable
and since the reaction has an appreciable activat.o.,i !,".ergy, but rather to the
crystal ,atticus b•coming mxore ordaer.,d. Th-i hp&, :ht.is might be tested by
x-ray diffrac tion.

The kinetics of 'the E1-series have as yet not been studied.

r'ojoict-'ed Work

1. To stwdy the E-ýNerien
2. To study a Y,,rles containing aluminum
3. To study a series made by the pyridiAne method
4. To make an.1 study a very low surface area sample
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Appendix

The folloving is the derivation of the method for finding activation
energy vithout knowing the order of the reaction as developed by WV.. Parkins,
G.J. Dienes, and F.W. Brown, J. AppI, Ph o 22, 1012 (1951). If oue takes

da = -Kony' e (i)k

the general rqite expression where n is the amount of the reactlg usbntance,
t is time, KX0 . is a constant, ', is the order of reactimn, 1 ic activation
energy, k is Boltzmann's constant, T is the absolute temperature, If p is
the pbTsical property being measured, that p z g(n) .... (2), where g(n)
must be a single valued function of p. Ifl and E and T are constant
(isothermal conditions for each run), then the rate expression integrates
to *?I.' f-r . K 0(l.-r) e -a/kT t .... (3), where ad is the val1e of n at
t.O. If me lets h(p)be an unspecified function of n and substitutes this
for ,i -e in equation (3), -(/f t

1 f h(po) - h(p) u If identical

samples are exposed to varying temperatures and p is measured as a function
of time then E can be determined. That is if po and p are constants for a
series of runs, then the left side of (_4i a constant. t is the time
required from p to p = cl. Then t e " c2 ; or log t = log c2

2o303kT . E should be independent of the value of p taken, if
not the method is inapplicable.

Thanks are due to Mr. Cohn of the U.S. Bureau of Mines for bringing
the above to our attention and for the specific directions for the sodium
analysis. Thanks are due Dr. Klotz of this department for the use of his
flame photomet-er.
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Part III Supported Palladium
by P. W. Selwood

The purpose of this work was to see if metallic palladium supported at
low concentrations on high surface area alumina shows the increase of magnetic
susceptibility shown by supported chromia, copper oxide, and other paramagnetic
systems. The answer to this question being found to be in the negative, some
further experiments were done on the magnetic properties of hydrogenized
supported palladium.

Experimental Part

Magnetic measurements: Magnetic susceptibilities were measured by the Gouy
method, with a sample tube of about 25 cc. capacity. The tube was fitted
with a cap made up of a micro stopcock and two standard taper joints in such
a way that the powdered samples could readily be changed, evacuated, or attached
to a gas burette system for quantitative absorption of hydrogen. Part of the
apparatus is shown in Fig. 1. All magnetic measurements were made at 250C.
The apparatus was calibrated with water. All measurements were made. at fields
of 5830, 6360, and 7250 oersteds.

Alumina: So-called "gaima"-alumina prepared by Mr. Paul Jacobs a was used
for the palladium support. This had a surface area of 190 m2g" and a
magnetic susceptibility of -0.35, which was independent of field
strength within experimental error. After being degassed for several hous
in high vacuum at 2000 C., the alumina had a susceptibility of -0.38 x 10-0.

Palladium-Alumina: The absorptive capacity of the alumina having previously
been determined, 30 g. of the alumina was treated with 30 cc. of a water
solution of palladous chloride to which had been added a few drops of dilute
hydrochloric acid. The alumina took up all the solution, which contained
1.70g. of palladous chloride. This mixturg was dried at 1000C. The
susceptibility was found to be -0.30 x 10-0, showing, as expected, no appre-
ciable paramagnetism in the supported palladous chloride.

The mixture was now heated to 140 0C. in hydrogen for ten hours, until
the exit gases contained no hydrogen chloride as determined by bubbling
through silver nitrate solution. As previously known, reduction of the
palladous chloride started at room temperature.

The mixture was now cooled in hydrogenj the hydrogen was replaced by
helium; and the susceptibility was measured. The susceptibility -fas -0.11 x 10-6.
After being heated in high vacuy at 1500C. for five hours, the sample had
a susceptibility of -0.14 x 10-0. As the sample contained 1.02gf palladium,
the susceptibility per gram of supported palladium was 7.1 x 10" . This
sample was strongly active toward hydrogen in air.

Hydrogen Absorption: The sample, weighing 25 g. was pumped out for one
hour at room temperature. The dead-space was found with helium to be 22.7
cc. at 747 mm. and 24.20C. The sample was again pumped out, then hydrogen
was admitted. The absorption of hydrogen was at first very rapid. This
was followed by an extremely slow absorption extending over several weeks.
The hydrogen absorption results are shown in Fig. 2.
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At intervals the sample tube was removed frcu the gas burette for
measure*'ent of the magnetic susceptibility. The data are presented in
Table I Vnich gives the Pd-H proportion, the measured susceptibility,
and the susceptibility per gram of the palladium-hydrogen system. It
will be noted that the susceptibility for PdBI.0 was approximately 3.0 x I0-6.

Table I

Magnetic Susceptibility of the Supported

Palladium-Hydrogen System

Pd-Hix ýXL0 6 XPdaH x 106

Pd-Ho -0.14 7.1

Pd-H 0 5  -0.26

Pd-H 0. 7  -0.26 3.4

Pd-Hl. 2  -0.28 2.9

Pd-Ho -0.12 7.6

At the end of several weeks the sample was evacuated for five hours at
1500 C. The susceptibility per gram of sample was found to have returned to
-0.12 x 10-6.

Discussion of Results

Palladiu., together with a•mgaesee, is unusual among common elements
for showing a high magnetic susceptibility in the elementary state. It was,
therefore, felt that there vw1 a definite possibility of palladium showing
the "dispersion effect" previously described in several communications fro
this laboratoryI. The fact that the susceptibility of supported palladium
at fairly low concentration was foud to be only slightly larger than that
of massive palladium (,/ 5.4 x I0-6) shows that palladium resembles molybdenum
dioxide, in which the dispersion effect is absent or obscured. It is hence
not possible to use ma~,netic measurements to estimate the degree to which
palladium is dispersed in the form of an active supported catalyst, but
whether this is due to some intrinsic property of supported palladium, or to
failure to effect a good dispersion, is not clear.

The effect of absorbed hydrogen on the magnetic susceptibility of palla-
dim is an old problem Previous results agree that in the neighborhood of
PH 0. 6 0 the system becomes diamagnetic anmd this is taken to show that there
is approximately 0.6 electron hole in the d-band of metallic palladium.
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It might be expected that supported palladium would show some quanti-
tative differences from massive palladiuip 'in this respect. The results,
presented here on supported palladium show a rapid decrease of paramagnetism
to PdH, but virtually no further change during the very slow ensuing
ab of hBu!'nan. Tut at PdH .5 the susceptibility is still some
distance from zero.

Further work will be necessary before the significance of these
results an the susceptibility of the supported palladium-hydrogen system
becomes clear.

tI

_ _ _ _ _
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Part IV A Preliminary Magnetic Study of Purple Sulfur
by T. Freund, S. Adler, and C.N. Sparrow

Recently' F. 0. Rice and C. N. Sparrow (in press) have succeeded in
preparing a purple meta-stable modification of sulfur. It is prepared
in a vacuum system by passing sulfiur vapor from flowers of sulfur through
a furnace at 4500C and freezing the product on a liquid nitrogen cold
finger. This new modification of sulfur upon being allowed to ccae to
room temperature rapidly undergoes a transition to ordinary yellow sulfur.

A suitable apparatus for the preparation of the material was constructed
and the technique of filling a very small glass bucket for the magnetic
balance was devised. The magnetic measurements show that purple sulfur is
strongly paramagnetic. Unfortunately, it was not possible to prepare pure
purple sulfur. The material prepared contained a large amount of yellow
sulfur.

The purple sulfur was transferred from the cold finger to the bucket
by carrying out the operation in fresh liquid nitrogen.

The magnetic measurements were carried out in an atmosphere of dry
helium on a Faraday type balance at a field streougih of about 7500 gauss.
One preliminary measurement was made using a very small sample of about
3 mg. This indicated that the substance was strongly paramagnetic* A new
preparation of purple sulfur was made and the susceptibility was measured on
a 17.6 mg. sample.

The calculations were made from:

484.

where 9 s is the deflection on the balance due to the magnetic field corrected
for the diamagnetism of the bucket, g is the weight In grams of the sample, Xg
is the gram susceptibility, and 1 is the calibration factor for this balance
from sugar measurements. The sugar used had a known gram ouscoptibility of
-0.566 x 10-6 at 3000K. AT Les the total deflection due to the bucket plus
smple and B is the d-fleuticn due to the bucket alone. A negative,6 indi-
cates paramagnetism. All & -values reported are the average of four or more
readings. ) is 1.48 x 10-8, g is 0.0176, and, at 7VO! is 0.423 emd at 300cKis 0.7-55.

The method of measurement is described with the data below.
(1) 'The balance case was flushed at room temperature with dry helium for

one-half hour. Then the case was cooled with a dewar of liquid nitrogen for
one-half hour while continuing to flush very slowly with helium.

(2) The bucket containing the sample was quickly placed in the balance
case. Afterwards the helium was shut off and the sample allowed to stand for
one-quarter of an hour.
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(3) The susceptibility was measured at 77°K.

9T = -11.6
-B -ii.6

B 0Xg . 10 x 10-6
-12.0

(4) The liquid nitrogen dewar was replaced with liquid oxygen and the
system slowly flushed for fifteen minutes with dry helium. This should remove
most of the oxygen froi the sample.

(5) The liquid oxygen dewar was replaced with liquid nitrogen and the
helium turned off. The sample was allowed to stand for quarter of an hour
st tht liqiA-i Witrogan temperature.

(6) The susceptibility was measured at 770K.

T -10.2

B: O.A Xg 9.3 X 10-6

q 10.6

(7) The liquid nitrogen dewar was removed and the sample was allowed
to stand for one hour while slowly flushing with helium. The sample turned
yellow.

(,3) The case was immersed in liquid nitrogen, the helium turned off,
and the sample allowed to stand for ten minutes.

(9) The susceptibility was measured at 770 K.

S_ o.786

9B 0.423 Xg = -0.305 x 1o- 6

= 0.363

(10) The susceptibility of the sample of yellow sulfur was measured at
room temperature, 3000 K.

*T 1.264

=B = 0.755 Xg - -. 427 x 10-6

s - 0.509

(11) The liquid nitrogen temperature measurement of the yellow sulfur
was repeated.

T 0.897

6 o 0.423 Xg: -0.398 x l0-

S0. 474



(12) The room temperature measurement was repeated on the Yellow sulfur
with excellent agreement.

T 1.264

0 0.755 Xg -. 427 x 10-6

0.509

The gram susceptibility of sulfur is -.0.49 x 10l6 (International Critical
Tables). This indicates a small impurity in the yellow sulfur. Correcting
the measured gram susceptibility of the impure purple sulfur by the low

temperature diamagnetic value of the yellow sulfur givep a molar susceptibility
for diatomic sulfur at 770K of purple sulfur of 7 x 10-4. Recently A.B. Scott
(JACS 71, 314,9(1949)) measured the susceptibility of diatomic sulfur vapor at

elevated temperatures and found the Curie constant to be 0.93. The molar

susceptibility at 770K corresponding to this is 120 x l0-4. Scott's value
agrees well with the calculated value for 3j. The 3 1 state is the ground
level for diatomic sulfur.

While the values of the paramagnetic susceptibility of the Impure purple
sulfur were very low for diatomic sulfur, it is felt that some improvejent 'in
the technique of preparation of the purple sulfur would increase the values
several fold. The main danger in this experiment is oxygen contamination.
Possibly greater precautions can be taken. For the measured paramagnetism to
be due to oxygen entirely the oxygen would have to be at least 10 mole per cent.

- - - ____ _____~-rn
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Part V

A program is under way for study of the Cat•lytic activity of several
series of catalysts which have been investigated by magnetic susceptibility
methods in this laboratory. This program is expected to be completed during
the coming year.

A study has been made of the supported titanium sesquioxide. This
work will be reported in detail in a forthcoming report.

The use of nuclear induction as a tool in catalyst research is being
further explored by Thomc Hic1mott who now holds a National Science Foundation
Fellowship at Harvard University.

A magnetic study of chemisorbed carbon monoxide on supported iron is
being initiated by Dr. M.J. Hulatt at Harvard.

P.W. Selvood, Project Director will be at Harvard as a Visiting
Lecturer until next June.

____ __ ____


